SUMMARY Rabbit testes were injected with suspensions of Treponema pallidum, washed T pallidum, heat killed T pallidum, or Reiter treponemes. The testes were removed three to 24 days after injection and examined for the number of treponemes, the presence of treponemal antibodies, histopathological changes, and presence of T and B cells. In animals infected with Tpallidum a substantial number (106-107/ml) of organisms were still present at day 24 in spite of early local production of antibodies and increasing infiltration with plasma cells, T lymphocytes, and macrophages.
Introduction
In 1978 we initiated a series of experiments on the immunopathological changes occurring in rabbit testes from days 3 to 24 after infection.' In those studies the most important findings were (a) the presence of B cells among the infiltrating mononuclear cells, (b) the early appearance of antitreponemal antibodies in the testes before any could be detected in sera, and (c) the persistence of treponemes long after orchitis had subsided (day 24 after infection).
In -recent studies over a similar study period Lukehart et al observed predominantly T cells in the infiltrated testes.2 'Their finding of no treponemes at two weeks after infection and few or no B cells during infiltration prompted them to correlate the clearance of T pallidum from the -testes with the appearance and increase in T lymphocytes.
The discrepancies between their findings and our previous report, and the importance of interpreting these differences for the understanding of relations between hosts and parasites, prompted us to reexamine the kinetics of the pathological changes occurring in the infected testes during the first four weeks of infection. We added controls not included in any of the earlier studies. In this report we concentrated on the histopathological changes, especially with regard to infiltrating T and B cells which were identified by specific labelled antibodies and mitogenic stimulation and correlated with the number of T pallidum in the testes during early infection. In the succeeding papers in this series we present data on local antibody production and on the inhibitory properties of the cells infiltrating the testes.3 4 Materials and methods
RABBITS
Adult male Nys (Flemish Giant) rabbits were obtained from the Laboratories for Veterinary Sciences of this centre. All were homozygous at the 349 K Wicher, Victoria Wicher, S M Nakeeb, and S Dubiski light chain allotypic locus (Ab4/Ab4). The animals were caged individually in air conditioned quarters (18-22°C) and given water and rabbit chow free of antibiotics (Charles River, Division of Agway, Syracuse, New York, United States).
MICRO-ORGANISMS
T pallidum (Nichols strain) was obtained from infected rabbit testes on day 9 after infection, before the peak of orchitis. Animals were killed by injection with a lethal dose of euthanasia agent T-61 (American Hoechst Corporation, Animal Health Division, Somerville, New Jersey, United States). The testes were removed aseptically and cut transversely with a scalpel. The organisms were extracted for 20 minutes at 350C into 15 ml of sterile phosphate buffered saline (PBS) per testis. Cells and gross debris were removed by centrifugation at 200 x g for 10 minutes. The organisms were counted in a dark field microscope,5 and the concentration was adjusted to the experimental needs.
The T pallidum suspensions from several testes were pooled and used as unmodified T pallidum suspension (A) containing 22 x 106 motile organisms/ml; suspension of washed Tpallidum (B) obtained by washing aliquots of suspension (A) three times in excess of PBS; and suspension of heat killed T pallidum (C) obtained by heating aliquots of suspension (A) at 600C for 60 minutes. The number of treponemes in suspension (C) was readjusted to 130 x 106 organisms/ml to compensate for the number of non-motile organisms.
Treponema phagedenis biotype Reiter (Reiter treponeme) was cultured at 37°C in spirochetal medium enriched with inactivated normal rabbit serum.6 A three or four day old culture was washed three times with an excess of PBS, and the suspension was adjusted to 130 x 106 organisms/ml.
INJECTION
In the first experiment 43 rabbits were injected intratesticularly (1 ml/testis) with the following suspensions: 15 with Tpallidum; eight with washed T pallidum; eight with heat killed T palfidum; eight with Reiter treponemes; and four with a cell free normal rabbit testis extract prepared as for the T pallidum suspension.
In the second experiment, to identify T and B cells in testicular infiltrate, another two groups of animals infected with Tpallidum and normal control rabbits were used.
EXAMINATION OF TESTES
The animals were divided into four groups, each containing three or four rabbits injected with T pallidum, two with washed T pallidum, two with heat killed T pallidum, and one with normal rabbit testis extract. The animals were bled and killed (agent T-61) on days 3, 6, 11, or The cytotoxicity test was performed as follows: to each 2 x 106 cells in 1 ml of medium was added 0-02 ml of undiluted antiserum. The mixture was incubated for 30 minutes at room temperature, and 0-1 ml of rabbit complement (diluted 1/2) was added. This mixture was incubated for an additional 60 minutes at 37°C and then diluted with 4 ml of medium. One drop of the cell suspension was mixed with one drop of 0.4% trypan blue to determine the cytotoxic effect of the antiserum.
The In animals infected with washed T pallidum, although the inoculum contained more organisms, the inflammatory process was delayed. The testes were only slightly infiltrated on day 11, comparably with those on day 6 in the group infected with T pallidum, and never reached the degree of inflammation observed in that group. On day 24, however, periorchitis was observed and small (about 0 5 to 0 8 cm in diameter) gummatous tissue could be palpated in both animals.
In the testes of rabbits injected with heat killed T pallidum, Reiter treponeme, or normal rabbit testis extract no macroscopic evidence of change was seen at any time.
NUMBERS OF TREPONEMES
The numbers of treponemes in the fresh testicular imprints of animals infected with T pallidum or washed Tpallidum increased progressively from days 3 to 11 and decreased thereafter. Table I shows, however, that treponemes were definitely present and still in considerable numbers on day 24. The large inoculum of washed Tpallidum may account for the larger number of organisms seen in that group on days 3 and 6. The non-pathogenic organisms, heat killed T pallidum and Reiter treponeme, must have been cleared by the host rather quickly since none was seen, even on day 3. Table II shows that by day 6, however, the testicular fluid from three out of four rabbits had a titre of <1/5. On day 11 the titre was three times higher in the testicular fluid than in the serum. On day 24 the titre in the testicular fluid remained the same while that in the serum had increased. The animals infected with washed Tpallidum responded from day 11 with treponemal antibody production; the titres were higher in the serum than in the testicular fluid. The rabbits infected with heat killed T pallidum responded on day 24 (not shown in the 
Discussion
Injection of rabbit testes with virulent T pallidum caused a sequence of histological changes similar to those reported by other investigators.9-'2 In this study plasma cells were definitively identified as one predominant component of the lymphocytic infiltration throughout the experimental period. This was determined by histological examination, localised production of antibodies, immunofluorescent staining, and mitogenic stimulation of the cells extracted from the infected testes. While B cell response to specific mitogen anti Ab4 was roughly constant in all testicular cell suspension preparations from day 7 on, the T cell response to concanavalin A increased steadily to a maximum on day 11 as did the number of T pallidum organisms, which were still present in significant numbers on day 24 after infection. The way the lymphocytic infiltration influences the local growth of T pallidum and the course of syphilitic infection is not clear although it has been a matter of speculation by several investigators. Lukehart et aP2 observed a mononuclear cell infiltration consisting almost entirely of T lymphocytes and macrophages with few or no plasma cells. Although the inoculum used by these authors was four to five times larger than the one used in our study, by day 17 these workers found no treponemes, either by indirect immunofluorescence with human anti- If this assumption is correct, the inflammatory process in the testes may be considered the result of a joint action initiated by the testicular inflammatory substances and enhanced by those released during local treponemal growth and the developing immune response. The absence of testicular inflammatory substances in washed T pallidum suspension would explain the delay and low degree of testicular inflammation in the animals infected with that suspension. Delayed and slight inflammation is consistent with the poor immunogenicity of T pallidum and with the lack of chemotactic activity in washed T pallidum preparations.'9 In animals infected with washed Tpallidum as opposed to those infected with untreated Tpallidum, treponemal antibodies appear simultaneously in serum and in testicular fluid. This finding correlates with the delayed arrival and low number of locally attracted plasma cells. Thus while local growth of treponemes seems directly related to and affected by the cellular infiltration no conclusion as to the type of cell(s) involved can be drawn from the present experiments. Both T and B cells might function equally in this process.
The control animals injected with heat killed T pallidum furnished additional information. A local humoral response was observed on day 24 but only in testicular fluid. Treponemes were never detected.
Despite the apparent absence of cellular infiltration, we assume that the local production of antibodies could originate only from plasma cells attracted to the site of inoculation. Since washed T pallidum proved to be a poor chemoattractant, heat stable chemotactic substances present in the inoculum may explain the cellular infiltration responsible for the local immunological response. The absence of treponemal antibodies in testicular fluid 11 days after infection excluded any possibility of passive transfer with the inoculum.
In summary, the contrasting histopathological results for the groups infected with T pallidum and washed T pallidum as opposed to heat killed T pallidum and Reiter treponemes clearly indicated the difference in immunological response to pathogenic as opposed to non-pathogenic treponemes. The latter are quickly and effectively removed from the site of inoculation whereas pathogenic treponemes stay and multiply for a relatively prolonged time. This increase occurs despite a local cellular and humoral response, the nature of which may be largely dependent on biologically active substances accompanying the infectious inoculum.
